properties of titin and cross-bridge force generation. Here, we build upon our previous multi-filament, spatially explicit computational models of the halfsarcomere by incorporating the nonlinear mechanics of titin filaments in the I-band. We model the nonlinear stiffness of titin as a simple exponential spring, varying the value of the exponent in simulations of isometric contraction for a range of sarcomere lengths (SL; 1.6-3.2mm). We monitor the relationships between the nonlinear stiffness of titin and isometric force and contractile efficiency (force/ATP). Intermediate values of titin stiffness reproduce the known passive force-SL relation for skeletal muscle. The active force-SL relation is unaffected by titin for SL < 2.5mm. However, for SL R 2.6mm, active force significantly decreases as titin stiffness increases. At SL = 3.0 mm, the active force for a half-sarcomere without titin is 10252 pN, while it is 5951 pN with highly nonlinear (stiff) titin. Interestingly, this drop of active force with increasing titin stiffness occurs despite an increase in the number of strongly bound cross-bridges via compliant realignment of binding sites between thick and thin filaments. Additionally, we find that at SL = 3.0mm, contractile efficiency significantly decreases from 13.750.4 pN/ATP to 7.050.3 pN/ATP (comparing no titin to very stiff titin, respectively). Taken together, our results point to a unique role of titin in determining muscle contractile efficiency. Tropomyosin movement across the muscle thin filament is controlled by troponin, calcium and myosin binding. In this process, tropomyosin alternatively blocks or exposes myosin-binding sites on actin, thereby regulating contraction. Indeed, fiber diffraction of intact muscles and EM-reconstruction of isolated filaments have identified average azimuthal positions of tropomyosin on actin corresponding to off and on regulatory-states. However, these techniques lack the spatial and temporal resolution needed to capture dynamics about these states and transitions between states. Here, computational biochemistry, involving molecular dynamics simulation, is a compelling choice to extend understanding of tropomyosin structural transitions on actin to high resolution. Thus, we performed MD of tropomyosin structures that were localized to multiple proposed sites of interaction over the surface of F-actin. During MD on these conformers, tropomyosin was constrained geometrically to mimic tropomyosin's native end-to-end molecular length and distance to the filament surface as if part of an otherwise semi-flexible polymeric cable on F-actin. Tropomyosin showed considerable movement both in azimuthal and longitudinal directions over F-actin during MD. The translocations were biased toward blocked B-state positions, particularly when MD was initiated from the myosin-free open-state on F-actin. In contrast, little movement away from the B-state locations was observed during MD. Pro333 on actin defines the boundary between blocked-and closed-states on successive actin subunits along F-actin. Simulations show that tropomyosin placed over Pro333 falls to the B-state side of the residue during MD. Our results are completely consistent with predictions based on previously published potential energy landscapes determined by rigid-body translocation of tropomyosin over F-actin. Our results support the view that blocked-and closed-state positions of tropomyosin are energetically favored while the myosin-free open-state is not. Here, the additional presence of myosin is required to pin tropomyosin in an open Mstate configuration.
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Is Thin Filament Movement Switched On and Off by a Thermodynamic Process Alone Henry G. Zot 1 , Bryant Chase 2 , Javier E. Hasbun 3 , Jose R. Pinto 4 . 1 Biology, University of West Georgia, Carrollton, GA, USA, 2 Biology, Florida State University, Tallahassee, FL, USA, 3 Physics, University of West Georgia, Carrollton, GA, USA, 4 Biomedical Sciences, Florida State University, Tallahassee, FL, USA. We investigated binary events at the foundation of thin filament regulation of striated muscle contraction. With conditions held constant in a standard in vitro motility assay, we recorded filaments switching between macroscopic states of pauses and runs. Individual actin-containing filaments labeled with rhodamine-phalloidin were illuminated by HeNe laser (543 nm). Magnified fluorescence images were captured by SIT camera onto DVD at 30 fps using an inverted fluorescence microscope (Nikon Eclipse TE2000-U). We introduced fluorescent sheared F-actin or native thin filaments from skeletal muscle into a flow cell constructed with a coverslip coated with skeletal muscle HMM serving as the viewing surface. Motility was recorded in 2 mM Mg 2þ -ATP, pH 7.0 and constant free calcium concentration. Control assays demonstrated directed movement of actin filaments that was smooth and continuous. We observed individual filaments change speed and run onto or off the surface. Movements of native thin filaments were indistinguishable from actin filaments of comparable length in assays containing saturating calcium (pCa 4.0). In assays containing low calcium (pCa 8.0), native thin filaments remained attached to the surface in stationary place. By contrast, thin filaments exposed to an intermediate free calcium concentration (pCa 7.0-5.0) exhibited spontaneous events of binary switching between unbroken directed movement (run) and stationary placement on the surface (pause). We expect the distribution of intervals of time between switching events (dwell times) to be exponential for a pure thermodynamically driven process. In pCa range 6.2-5.8, assays displayed the most switching events and, hence, yielded the most run and pause dwell times. Distributions of these dwell times will reveal if a thermodynamic process alone can, indeed, explain the mechanism by which switching is regulated. Work supported by NIH grant HL128683 (JRP) and leave supported by UWG (HGZ).
687-Pos Board B457
Mapping Allosteric Pathways in the Myosin Motor Domain via the W-Helix/Transducer Region Leading to Force Production Peter Franz 1 , Wiebke Ewert 1 , Matthias Preller 1,2 , Georgios Tsiavaliaris 1 . 1 Institute for Biophysical Chemistry, Hannover Medical School, Hannover, Germany, 2 German Electron Synchrotron (DESY), Hamburg, Germany. According to the model by Lymn and Taylor, the acto-myosin system generates mechanical work when myosin executes the power-stroke. However, the conformational transitions in the myosin motor domain associated with the force generating step are poorly characterized, e.g. there is lack of information regarding the coupling between ATP hydrolysis and weak to strong transitions of actin binding preceding the power-stroke. With the aid of mutations introduced in the inner core of D. discoideum myosin-2, we were able to decouple 136a Sunday, February 18, 2018
